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Abstract 
We present a strictly three-dimensional modeling technique as a basis for numerical 
simulations. These simulations range from a high-resolution indoor air flow modeling 
using the so-called thermal lattice Boltzmann method to a multi-zone network model for 
building energy simulation. Within this paper, an intermediate geometric model is 
derived from the IFC building product model standard with respect to the thermal 
building simulation at different levels of detail. 
Key words:  Hybrid thermal lattice Boltzmann method (hTLBE), building energy 
simulation, computational fluid dynamics (CFD), Industry Foundation Classes (IFC). 
 
1- Introduction 
A common problem at the co-operation of engineers within the building industry 
is characterised by the many different views of their specific product part. In the context 
of building energy simulation, these views range from the architects view on design and 
functionality of a building to the view of the HVAC-engineer on the energy 
consumption. As an example, the use of a thermal building simulation program to 
improve the energy efficiency of a building requires configuring geometrical and 
physical properties in a numerical model. To gather this information is expensive and 
error-prone, because appropriate data usually cannot be imported directly from the 
previous work of participating partners. In this context, the difficulty in the co-operation 
of different disciplines is the lack of a common model for a building. With its Industry 
Foundation Classes (IFC) specifications, the International Alliance for Interoperability 
(IAI) provides an object oriented description of building product model data to ensure 
software interoperability in the building industry [1]. This standard data exchange 
format serves as a basis for our numerical simulations. 
 
2- Research project: SIMFAS 
Subject of our current research project called SIMFAS is the coupling of dynamic 
building energy simulation with CFD (computational fluid dynamics) methods. This 
aims for the analysis of energy balance and thermal comfort in buildings and is based on 
the product modeling standard IFC. To improve the energy efficiency of a building, dynamic building simulation often uses thermal multizone models combined with 
network air flow models [2, 3]. Satisfying the first law of thermodynamics, a finite-
difference or finite-volume based heat balance approach is used to represent the one-
dimensional heat transfer through a building's fabric. The thermal building simulation is 
based on balances of time dependent heat fluxes and consideres the building's mass and 
heat capacity as well as HVAC equipment. Compared to the calculation of heat loss and 
cooling demands for a building in a static manner using a monthly or an annual balance 
approach, multizone models enable a more detailed analysis of the thermal behaviour. 
Only with dynamic simulation predictions of temperatures are possible at all. Within a 
year-round simulation, the knowledge of temperature distributions permits to count for 
superheating effects and regulation schemes. Furthermore this allows the investigation 
of the use of renewable energies, e.g. passive solar energy concepts. 
However, the spatial and temporal discretization due to the complexity of the 
geometry usually constrains the quality of simulation. The consideration of indoor air 
flow is often unsatisfactory, if macroscopic models respresent large air volumes by 
single nodes only and the corresponding flow model is based on given air exchange 
rates or calculated by pressure differences. Following this, the basic idea of the project 
is to supply a detailed CFD computation of indoor air flow and convective heat transfer 
within one single zone of the overall building with appropriate boundary conditions 
obtained by a thermal multizone simulation. Since detailed calculations are 
computationally very expensive, this high-resolution modeling is clearly limited to 
single zones and the consideration of short time intervals, respectively. 
A typical field of application, for example, is the simulation of convective flows 
within a building's atrium while boundary conditions are obtained by a thermal multi-
zone model of the whole building. It is a matter of particular interest, to get detailed 
informations about the vertical stratification of the temperature field, the buoyancy 
effects, flow characteristics and a potential draught risk, depending on the ambient 
conditions. To allow for an analysis of thermal comfort criteria such as the PMV 
(predicted mean vote) or the PPD (predicted percentage of dissatisfied) indices [4], the 
primary hydrodynamic variables of the numerical solution field can be used to compute 
and map these comfort criteria directly on the discrete points of the simulation grid, as 
previously published in [5]. To clearify the simulation task within the project, the 
example of figure 1 demonstrates the derivation of boundary conditions [6] for a CFD 
computation for a hot summer day obtained by the simulation of a complex office 
building consisting of five floors and, among other elements, an atrium at its east side. 
All other surfaces, except the roof, are connected to the building. Boundary conditions 
were obtained using the simulation environment SMILE [7]. 
 
Figure 1: View of the atrium, architects: Frank-Probst-Schwetz [8] Figure 2: (a) Mean air temperatures at different levels of the atrium during a hot summer day, 
(b) 3D CFD model using CFX-5: streamlines of the turbulent flow injected at opening 
 
In the picture, streamlines are injected at the highlighted opening located at the 
lower part of the exterior surface of the atrium. The colour of the streamlines indicates 
the corresponding velocity. A detailed discussion of the simulation study will be subject 
to another publication during the project. 
Within the SIMFAS project, the geometric model is based on the IFC (Industry 
Foundation Classes) specification, which is described in section 3. Starting from a 
building product model, we derive a zonal description for the thermal simulation and we 
define a CFD domain for a single zone which serves as an input for a space-tree based 
discretization, as previously shown in [9]. For the thermal building simulation, we use 
the simulation environment SMILE [7]. Subject of our current research is the 
computation of the flow field and convective heat transfer by enhancing our existing 3D 
CFD code, based on the so-called lattice Boltzmann method (LBM), which is described 
in section 4. Furthermore, the LB method will be extended by a large-eddy turbulence 
model and appropriate wall functions [10]. The iterative solution process will be 
achieved by a bi-directional loose-coupling algorithm between the multizone model and 
our CFD code. 
 
3- IFC based simulation 
We use a strictly three-dimensional modeling technique as a basis for our 
numerical simulations, as described in [11] before. In general, these applications range 
from a three-dimensional high order solid finite element analysis [12] to a high-
resolution indoor air flow modeling using the thermal lattice Boltzmann method [13], 
combined with a multi-zone network model for the building energy simulation. The 
flow chart in figure 3 demonstrates the crosslinking and integration of the applications 
for both the thermal building simulator and the flow simulator. 
Using the Eurostep IFC Toolbox, which is an object oriented C++ implementation 
of IFC scheme representations and provides interface functionalities to access and 
manage instances of a product model, we derive an intermediate geometric model from 
the various geometric representations contained within IFC building product model 
data. Since, among other things, each IFC object contains its individual B-rep 
representation, we create a 'consistent' (e.g. free from gaps) and 'corrected' (e.g. due to 
intersections) geometric model based on the ACIS geometric kernel (Spatial Corp.). In a 
next step, this geometric model is decomposed into a so-called connection model, see 
figure 4, which consists of ACIS bodies and faces. 
  
Figure 3: A structure identifying four levels of models with different, yet interdependent tasks: 
the geometrical level, the physical level, the numerical level and the presentation level 
 
The key idea is to obtain a strictly three-dimensional, volume-oriented geometric 
model with attributes, which serves as the basis for the numerical simulations. The 
resulting objects know about their former IFC affiliation. Parallel to the ACIS database, 
which contains geometric data only, a second database manages these additional 
attributes and the relation between the ACIS objects. Having this specific set of 
geometric objects, the numerical discretization of the problem is initiated. For a more 
detailed review refer to [14]. Considering the building energy simulation application, an 
interactive zone definition for a thermal multi-zone network model using the solid ACIS 
model is performed. Within a bounded zone, a CFD domain is defined by automatically 
creating a triangulated surface mesh as the boundary of the fluid domain, using the 
given set of corresponding ACIS faces. This surface mesh serves as an input for a 
space-tree based discretization for the lattice Boltzmann method. This discretization 
process is described in detail in [9]. 
 
 
 
Figure 4: From the building product model to the connection model 
 
4- Numerical method 
Lattice Boltzmann methods (LBM) have been developed during the last decade as 
a new and efficient technique to numerically compute a variety of fluid flow and 
transport problems. Particularly the automotive industry reports an entirely new quality 
of simulation of incompressible flows in and around complex geometries. Considering 
the simulation accuracy, results agree well compared to wind tunnel experiments. By 
linking the simulation to CAD systems, turnaround times for a design cycle have been reduced drastically compared to standard CFD modeling approaches [15]. The 
following section briefly sketches the basics of this complementary method, for a 
detailed review refer to [5, 9, 13, 16, 17, 18, 19] and the references therein. 
Common numerical methods for solving the Navier-Stokes equations are based on 
a top-down approach with the discretization of nonlinear partial differential equations. 
Lattice Boltzmann methods however represent a bottom-up approach by starting at a 
discrete microscopic model which by construction conserves mass and momentum for 
obtaining the hydrodynamic properties described by the Navier-Stokes equations. 
Historically, within the field of lattice-gas cellular automata (LGCA, the 'antecessor' of 
lattice Boltzmann methods), the idea was to simulate the behaviour of a multi-particle 
system, where particles were residing on a computational lattice and interacting locally 
by collisions. Considering a sufficiently large ensemble of particles, hydrodynamic 
properties were obtained at a macroscopic scale. Due to unphysical constraints of 
LGCA, lattice Boltzmann methods (LBM) have been introduced by a transition from 
explicit discrete particles to particle distribution functions, i.e. to methods based on 
statistical physics. 
The so-called lattice Boltzmann equation, which can be interpreted as a first order 
discretization of the Boltzmann equation, describes the spatial and temporal evolution 
of particle distribution functions moving with discrete velocities, where the set of these 
velocities spans a unit cell of a cartesian grid. In addition to assumptions for the 
derivation of the Boltzmann equation (e.g. molecular chaos hypothesis), the LB 
approach is based on the so-called BGK approximation of the local collision operator. 
This simplifies the collision integral by a single time relaxation approximation towards 
a local Maxwellian equilibrium distribution on a microscopic relaxation time scale 
controlling the viscosity of the system at the hydrodynamic scale [9, 17]. It can be 
shown, that the first moments of the particle distribution functions under certain 
conditions and for suitable equilibrium distribution functions also satisfy the dynamics 
of the Navier-Stokes equations. The macroscopic equations can be derived by a 
multiscale analysis [16, 18]. 
 
              
Figure 5: Simulation of indoor air flow in an open-plan office using our LB research code [5]. 
(a) In- and outflow openings, (b) streamlines of averaged velocity field projected onto plane. 
 
Considering the extension of the LB method with respect to convection and heat 
transfer, various approaches have been published recently. For a detailed study and 
review of the construction of thermal lattice Boltzmann methods and their specific 
peculiarities refer to the work of P. Lallemand and L.-S. Luo, [13] and [19]. 
Accordingly, we use the hybrid thermal lattice Boltzmann method (hTLBE) proposed 
by P. Lallemand. Within this approach the mass and momentum conservation equations 
are solved by using the multiple-relaxation-time (MRT) lattice Boltzmann equation due 
to d'Humières [18] and whereas the diffusion-advection equation for the temperature field is solved separately by using a finite-difference (FD) scheme on the same FD 
stencil as applied for the lattice Boltzmann solution. The extension of our code together 
with numerical examples will be subject to another publication during the project. 
For convective heat transfer problems under consideration, usually the nature of 
the flow is turbulent. Compared to building aerodynamic problems, typical Reynolds 
numbers of indoor air flows are orders of magnitude less. By using a turbulence model 
together with appropriate boundary conditions, the computation of problems of 
technical relevance is possible provided that dedicated hardware is available. The 
extension of our research code by a large-eddy turbulence model [20] with appropriate 
wall functions is subject of our project. As previously published in [5, 9, 17], we use an 
algebraic Smagorinsky subgrid scale model allowing LB models to be used for a large-
eddy simulation. 
 
5- Conclusions 
We have presented a strictly three-dimensional modeling technique as a basis for 
our numerical simulations. An intermediate geometric B-rep model has been derived 
from an IFC building product model to allow for an appropriate discretization with 
respect to different numerical schemes, such as a thermal multizone model and a CFD 
computation of indoor convective heat transfer, respectively. The application of the 
hybrid thermal lattice Boltzmann method (hTLBE) within the SIMFAS research project 
was outlined. Subject of further investigations is the extension of the thermal LB 
method by a large-eddy turbulence model with appropriate wall functions and a loose-
coupling algorithm between the code and the described multizone model. 
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